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The reaction between Al2O3 and α2-Ti3Al was studied with a series of Al2O3/α2-Ti3Al multiphase diffusion 
couples annealed at 900, 1000 and 1100°C.  The diffusion-paths were found to strongly depend on α2-
Ti3Al(O) composition.  For alloys with low oxygen concentrations the reaction involved the reduction of 
Al2O3, the formation of a γ-TiAl reaction-layer and diffusion of Al and O into the α2-Ti3Al substrate.  
Measured concentration profiles across the interaction-zone showed “up-hill” diffusion of O in α2-Ti3Al(O) 
indicating a significant thermodynamic interaction between O and Al, Ti or both.  Diffusion coefficients for 
the interstitial O in α2-Ti3Al(O) were determined independently from the interdiffusion of Ti and Al on the 
substitutional lattice.  Diffusion coefficients are reported for α2-Ti3Al(O) as well a γ-TiAl.  Interpretation of 
the results were aided with the subsequent measurement of the activities of Al, Ti and O in α2-Ti3Al(O) by 
Knudsen effusion-cell mass spectrometry. 
 
https://ntrs.nasa.gov/search.jsp?R=20070010751 2019-08-30T00:38:32+00:00Z
1Su
bs
tit
ut
io
na
l
Su
bs
tit
ut
io
na
l a
nd
 In
te
rs
tit
ia
l
an
d 
In
te
rs
tit
ia
l
D
iff
us
io
n 
in
 
D
iff
us
io
n 
in
 αα 22
-- T
iTi
33A
l(O
)
A
l(O
)
E.
 C
op
la
nd
1,
4 , 
D
. J
. Y
ou
ng
2 , 
B
. G
le
es
on
3 
, N
. J
ac
ob
so
n
4
1 
C
as
e 
W
es
te
rn
 R
es
er
ve
 U
ni
ve
rs
ity
, C
le
ve
la
nd
 O
hi
o
2 
U
ni
ve
rs
ity
 o
f N
ew
 S
ou
th
 W
al
es
, S
yd
ne
y 
A
us
tr
al
ia
3 
Io
w
a 
St
at
e 
U
ni
ve
rs
ity
, A
m
es
 Io
w
a
4 
N
A
SA
 G
le
nn
 R
es
ea
rc
h 
C
en
te
r, 
C
le
ve
la
nd
 O
hi
o
TM
S
 A
nn
ua
l M
ee
tin
g:
 2
/2
5 
-3
/1
/2
00
7 
–
O
rla
nd
o,
 F
L,
 U
S
A
N
at
io
na
l A
er
on
au
tic
s 
an
d 
Sp
ac
e 
Ad
m
in
is
tra
tio
n
w
w
w
.n
as
a.
go
v
2Ti
-A
l-O
 s
ys
te
m B. Le
e,
 N
. S
au
nd
er
s,
 Z
. M
et
al
lk
d.
, 1
99
7,
 8
8(
2)
, p
p.
 1
52
-1
61
.
T
= 
10
00
ºC
A
l 2O
3
on
ly
 o
xi
de
 in
 e
qu
ili
br
iu
m
 w
ith
 α 2
-T
i 3A
l +
 γ-
Ti
A
l, 
bu
t…
bo
th
 p
ha
se
s 
m
us
t b
e 
sa
tu
ra
te
d 
w
ith
 O
3•
ra
tio
na
le
…
po
ss
ib
le
 M
M
C
 a
nd
 o
xi
da
tio
n 
of
 α 2
-T
i 3A
l +
 γ-
Ti
A
l
•
m
ul
ti-
ph
as
e 
co
up
le
s:
  α
2
/ A
l 2O
3
¬
re
su
lts
 &
 c
al
cu
la
tio
ns
 
•
si
ng
le
-p
ha
se
 c
ou
pl
es
:  
α 2(
O
) /
 α 2
(O
)
¬
re
su
lts
 &
 c
al
cu
la
tio
ns
•
pa
rt
ia
l t
he
rm
od
yn
am
ic
 p
ro
pe
rt
ie
s 
in
 α 2
-T
i 3A
l(O
)
•
su
m
m
ar
y
ou
tli
ne
4•
ar
c-
m
el
te
d:
 A
l, 
Ti
 &
 T
iO
2; 
an
ne
al
ed
 a
t T
= 
90
0,
 1
00
0,
 1
10
0º
C
 
¬
cl
os
ed
 s
ys
te
m
:  
Ta
-fo
il 
(b
ar
rie
r f
or
 S
iO
)-
in
 S
iO
2
ca
ps
ul
e
•
H
IP
 b
on
di
ng
 (1
70
 M
Pa
, 1
10
0º
C
 fo
r 2
 h
), 
po
ly
-c
ry
st
al
lin
e 
A
l 2O
3
¬
re
-e
nc
ap
su
la
te
d,
 re
ac
te
d 
90
0,
 1
00
0,
 1
10
0º
C
 fo
r t
 =
 2
0 
~ 
50
0 
h
•
an
al
ys
is
:  
m
et
al
lo
gr
ap
hy
, o
pt
ic
al
, E
PM
A
 a
nd
 m
ic
ro
-h
ar
dn
es
s
m
ul
ti-
ph
as
e 
Ti
-A
l /
 A
l 2O
3
co
up
le
s
al
lo
y
co
m
p.
 (a
t.%
)
ph
as
e
1 
~ 
3
Ti
-(4
9,
 5
2,
 5
5)
A
l
γ-T
iA
l
8
Ti
-2
7A
l-1
0O
α 2
-T
i 3A
l(O
)
α 2
-T
i 3A
l
α 2
-T
i 3A
l
α 2
-T
i 3A
l
α 2
-T
i 3A
l(O
)
9 
~ 
10
Ti
-(4
0,
 4
8)
A
l
α 2
+ 
γ
4
Ti
-2
5A
l
5
Ti
-3
2A
l
6
TI
-3
5A
l
7
Ti
-3
3.
35
A
l-5
O
no
 re
ac
tio
n,
 ig
no
re
re
ac
tio
n,
 b
ut
 ig
no
re
5α 2-
Ti
3A
l /
 A
l 2O
3
co
up
le
s 
m
ar
ke
r 
A
l 2O
3
γ-T
iA
l
α 2
-T
i 3A
l 
Ti
-3
2A
l /
 A
l 2O
3,
t=
 5
00
 h
  
sq
rt
. t
im
e 
(1
0-
2 s
1/
2 )
0
5
10
15
20
thickness (
μ
m)
02040608010
0
k p
 =
 4
.0
+0
.2
k p
 =
 0
.7
2+
0.
04
k p
 =
 0
.1
2+
0.
02
11
00
o C
10
00
o C
90
0o
C
k p
 (1
01
1 c
m
2 s
-1
)
11
00
ºC
  
10
00
ºC
  
90
0º
C
  
6α 2-
Ti
3A
l /
 A
l 2O
3
co
up
le
s
A
l 2O
3
= 
2A
l γ,
α 2
+ 
3O
γ,α
2
…
“g
as
 / 
so
lid
”
A
l, 
O
 s
up
pl
ie
d 
at
 a
ct
iv
ity
 o
f γ
/ A
l 2O
3
J Õ
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